The Calotropis procera seed fibers provide an excellent model system to study the genes involved in fiber elongation, fineness and strength. Expansins constitute one of the important gene families involved in plant cell expansion and other cell wall modification processes. Four homologs of Expansin A gene i.e. CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 were isolated from the cDNA library obtained from fast growing Calotropis procera fibers. These homologs represented typical Expansin A family. Each of them had two conserved domains including GH45 like domain and the putative polysaccharide binding domain. The deduced amino acid sequences of the homologs indicated three conserved motifs: i) eight cysteine residues at N-terminus, ii) four tryptophan residues at C-terminus and iii) a Histidine-Phenylalanine-Aspartate motif in the center of the sequence. The presence of N-terminal signal peptide consisting of hydrophobic amino acids and a transmembrane region in all these expansin isoforms suggests their cotranslational insertion into the endoplasmic reticulum and then transportation to the cell wall by secretory pathway. The relative quantification of the four expansins in root, stem, fiber and leave tissues indicated that the transcripts of CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 are variably transcribed in these tissues. The lowest transcription of all the four Expansin A isoforms was observed in elongating roots indicating that root tissue might be having specific expansins other than those confined to air grown organs.
INTRODUCTION
Calotropis procera belongs to the family of Asclepiadaceae (Mueen et al. 2005 ). The species is highly cross-pollinated and has 22 (2n) chromosomes (Raghavan, 1957; Eisikowitch, 1986) . The plant is habituated to both sub-tropical and tropical climates. It is a deep rooted wild shrub ranging between 3-5 m and well acclimatized to salinity and draught. It produces 7-10 cm long spongy fruiting bodies bearing hundreds of seeds that are dispersed by winds upon maturity and fruit opening. The seeds have tufts of very fine and strong hollow fibers that range in length from 2.5-4.5 cm depending upon their position within the fruiting body. These fibers are botanically single celled seed trichomes. The C. procera bast fibers have been evaluated for their fiber characteristics in making cloth at a 1:1 ratio with cotton fiber (Varshney and Bhoi, 1988) . The yarn has enough potential in natural fiber-reinforced composites and other industrial textile applications (Sakthivel et al. 2005) . The floss may also substitute cotton wool for surgical or stuffing purposes (Eisikowitch, 1986) . C. procera has generally been known since ancient times as a traditional medicinal plant (Oudhia, 1999a; Oudhia 1999b; Iqbal et al. 2005; Mueen et al. 2005) . It has been used alone or in combination with other medicinal plants (Caius, 1986) to treat common diseases (Jain et al. 1996) . Although, the plant has lived in close association with human beings for its beneficial traits, yet negligible information is available on the metabolomics, proteomics and genomics of this plant species.
One of the important characteristics of this plant is the production of extra long hollow fibers associated with the seeds. This provides an excellent model system to study fiber expansion mechanism as the pathways involved in secondary cell wall deposition are naturally subtracted. Expansins are plant cell wall loosening proteins and have been proved to play a pivotal role in plant cell enlargement and expansion (Cosgrove, 2000; Cosgrove et al. 2002) . Expansin gene family has versatile role in developmental processes like fruit softening, control of organ size, morphology, abscission, seed germination and pollen tube invasion in the grass stigma (Shcherban et al. 1995; Brummell et al. 1999a ; Lee et al. 2003; Sabirzhanova et al. 2005) . It has been proposed that expansin genes are involved in the slippage and rearrangement of the matrix polymers that coat the cellulosic microfibrils. The mechanism of cell wall loosening has been hypothesized to work by weakening the non-covalent binding between cell wall polysaccharides, thereby allowing the fibrils to slide over each other under the given cellular turgor pressure (McQueen and Cosgrove,1995; Marga et al. 2005) .
Expansin comprises of four sub-families designated as α-Expansin (EXPA), β-Expansin (EXPB), Expansin-like A (EXLA) and Expansin-like B (EXLB) (Kende et al. 2004) . The EXPA and EXPB proteins cause cell wall loosening, whereas EXLA and EXLB proteins have not been fully characterized for their associated functions (McQueen-Mason et al. 1992; Cosgrove et al. 1997) . The α and β-Expansin sub-families are found in all groups of land plants Schipper et al. 2002; Li et al. 2003) . EXPAs disrupt the polysaccharide complexes like xyloglucan and pectin that link cellulosic microfibrils together (McQueen-Mason and Cosgrove, 1994; Marga et al. 2005) . The pollen EXPBs (group-1 allergens) have a marked loosening action on grass cell walls, whereas, the EXPAsact on dicot cell walls only, therefore, it seems that these two families of expansin proteins target different component of cell wall (Cosgrove et al. 1997; Wu et al. 2001; Li et al. 2003; Kwasniewski and Szarejko, 2006) . The coded proteins of both gene families have a number of conserved residues and characteristic motifs distributed throughout the length of the protein (Sampedro and Cosgrove, 2005) .
C. procera seed fibers comprise of only the primary cell wall that is mainly composed of cellulose, lipids, proteins and polysaccharides like the primary cell wall of cotton fibers. Instead of four stage fiber development process, as reported in cotton, C. procera represents a three stage fiber development process that includes i) initiation, ii) elongation, and iii) maturation. The lack of secondary cell wall deposition in C. procera (stage iii in cotton) results in natural subtraction of the metabolic pathways involved in secondary cell wall deposition. The three stage fiber development feature has an excellent potential for the identification of genes directly involved in fiber elongation, strength and fineness. In cotton fibers, two expansin genes are reported to be specifically involved in loosening the cell wall of developing fibers (Harmer et al. 2002; Cheema et al. 2006) . We identified four homologs of EXPAs expressed in the developing seed fibers of C. procera. The relative expression of the expansin homologs in various plant tissues indicated that none of those transcribed specifically in the fibers. 
MATERIALS AND METHODS

Plant material
The plants of C. procera, growing in the NIBGE campus area, were selected for observing the flowering time, fruit development, maturation, size of fruiting body and fiber analysis. The flowers were tagged at 0 DPA (days post anthesis), indicated by flower opening, during March-September, 2007. The pollination was detected by the desiccation of petals and visualization of developing ovary. Increase in fruit size was measured till maturation and opening of fruit. Twenty five mature fruiting bodies were collected from different C. procera plants to collect 20-30 g of fiber per sample analysis. The plants of Gossypium hirsutum cultivar CIM-707 and G. barbadence cultivar Giza-88 were grown in the field during cotton season (May-September, 2007) . Bolls from ten plants of each cotton species were picked and fiber was ginned. Fiber trait analysis was carried out by Fiber Technology Lab at CCRI, Multan. The fiber characteristics were determined in triplicate by High Volume Instrument (Uster HVI 900, Switzerland) using medium long and long calibration standards for CIM-707 and Giza-86 respectively. Fiber length was measured in millimeters (mm). Micronaire was taken in mic (µg/inch) as an indicator of fiber fineness. The uniformity index was obtained by dividing the mean fiber length by the upper half mean length and expressing the ratio as percent. Bundle fiber strength was measured in g/tex. C. procera calibrator standards are not available and there is no previous report that describes the fiber analysis of this plant species. Therefore, the C. procera fiber characteristics were observed against cotton fiber standards. 
Isolation of mRNA from C. procera fibers
The fruits of C. procera were collected in liquid nitrogen at 10 DPA. The fibers were aseptically separated from the seeds. Total RNA was extracted using plant RNA purification reagent (Invitrogen, USA) according to the manufacturer instructions. The integrity and quality of the isolated RNA was checked by running the total RNA on 1% agarose gel. The mRNA isolation was carried out using oligo dT cellulose columns (MRC, USA). The purified mRNA was precipitated and dissolved in DEPC (diethyl polycarbonate) treated water.
Construction of cDNA library
The cDNA library of C. procera seed fibers was constructed using CloneMinor cDNA library construction kit (Invitrogen, USA). The manufacturer's instructions were strictly followed at each step using 5 µg of mRNA at the cDNA synthesis step. The cDNA library was qualified by determining the transformation efficiency and the average size of inserts. The library was finally amplified and glycerol stocks were preserved at -80ºC.
Screening of cDNA library
Serial dilutions of the fiber cDNA library were prepared and spread on LB medium having 50 µg/ml Kanamycin. The colony forming units (cfu) per mL of the library were determined. The library dilution to yield 40,000-50,000 cfu was spread on a 20 x 20 cm plate. The colonies were lifted onto 20 x 20 cm membrane (Hybond N+, Fermentas) that was processed for colony hybridization. Cotton fiber specific expansin (accession number DQ023525) was used to probe this library for screening the expansin homologs present in the C. procera fiber. The probe was radiolabeled with α 32 P dATP using hexalabel DNA labeling kit (Fermentas, USA). The hybridization was performed at 52ºC (medium stringency) to pick all the possible expansin homologs from Calotropis fiber cDNA library.
Sequencing the screened clones
The plasmids from the expansin positive clones were isolated using plasmid miniprep kit (Fermentas). BigDye terminator cycle sequencing kit version 3.1 (Applied Biosystems, USA) was used for DNA sequencing on an ABI310 Genetic Analyzer. About 2 µg of plasmid DNA was used per sequencing reaction. Initial DNA sequence at both ends was determined by using M13 forward and reverse primers. The complete nucleotide sequencing of each insert was accomplished by primer walking. The sequences were submitted in the GenBank and their accession numbers were obtained.
Molecular analysis of the sequencing data using bioinformatics tools
Amino acid sequence was derived for each expansin homolog using translate tool at http://www.expasy.ch. The amino acid sequences for all reported expansin genes were obtained from Swiss-Prot/TrEMBL.CLCbio combined workbench (CLCbio, Denmark) was used to align amino acid sequences and construct phylogenetic tree. The signal peptide and maximum cleavage site probability in the amino acid sequences was determined by SignalP 3.0 at http://www.cbs.dtu.dk/services/SignalP (Von Heijne, 1986; Bendtsen et al. 2004 ). The predicted amino acid sequences for EXPA1, EXPA2, EXPA3 and EXPA4 were compared using the multiple sequence alignment programs Kalign and Kalignvu, available at http://msa.cgb.ki.se/cgi-bin/msa.cgi (Lassmann and Sonnhammer, 2006) . The amino acid sequence identity was calculated by the following formula: Identity (%) = 100 x number of identical residues in a pairwise alignment/length of the shortest sequence.
Real-time PCR studies
High quality total RNA was isolated from 100 mg tissue samples, which included C. procera fibers, leaves, stem and roots. The total RNA was treated with DNAse I (Promega, USA) according to the manufacturer's instruction. The integrity of RNA was checked by electrophoresis on 1% agarose gel containing ethidium bromide. Relative quantification was carried out for real time PCR studies after normalization against unit mass as described before (Real-Time PCR applications guide, Bio-Rad Laboratories Inc. USA). The RNA samples were quantified on Ultrospec3100 (GE Healthcare, Europe) and equalized prior to cDNA synthesis. Revert Aid H -cDNA synthesis kit (Fermentas) was used for cDNA synthesis from 500 ng of equalized total RNA preps using oligo-dT (20 mer) primer according to the manufacturer's instruction. The equalization of different samples for cDNA content was performed both spectrophotometrically and by PCR amplification of 18SrRNA and β-tubulin genes. Beacon Designer 7 (Premier Biosoft International, USA) was used to design the primers on each expansin (Table 1) . Multiple sets of primers were designed and used for validation on each expansin homolog. The primer pairs indicating amplification efficiency above 90% and a single amplification product, indicated by the melt curve, were selected for use in the relative quantification studies. The real-time PCR mixture contained 1 µL of diluted cDNA (corresponding to 10 ng of starting amount of total RNA), 12.5 μL of 2xSYBR Green Super Mix (BioRad, USA), and 25 ng/µL of each gene-specific primer in a final volume of 25 μL. The real-time PCR reactions were performed using 96 well plates sealed with optically clear sheets in iQ5 Cycler (BioRad). The reactions for amplifying CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 in various tissues were carried out in four replicates. The Ct value of root tissue sample was taken as calibrator for transcription profiling of expansin homologs in different tissues (root, stem, fiber and leaves). The relative fold expression was determined by unit mass method based on the ratio between test/calibrator = 2 ∆Ct , where ∆Ct = Ct (calibrator) -Ct (test) and calibrator is the Ct of the roots sample for a particular expansin gene. Whereas, test indicates the Ct of a particular expansin homolog in tissues other than roots.
RESULTS
C. procera fruit developmental studies
The C. procera fruit size and number are dependent on the age and health of plant. The plant bears tufts of flowers at the distal end of newly branching shoots. The fruit number varies from 1-3 per flowering site (tuft of flowers). An average of 23 fruits per plant was observed during the fruiting season. The maximum fruit length varied from 7.5-9.5 cm depending upon the season. The maximum fruit length was attained in 20-25 days in early season, while this period prolonged in the late season. The fruit generally matured in 30-35 days (Figure 1 ).
C. procera fiber characteristics
The fiber length of mature fruits ranges between 2.5-4.5 cm depending upon its position in the fruit. Mature fiber characteristics including fiber length, fineness, uniformity/maturity and strength were better or equivalent to the finest grades of cotton fiber ( Table 2) .
Identification of C. procera expansins
The quality of total RNA, mRNA, and cDNA used for the construction of library was according to the recommended standards (Figure 2a , Figure 2b and Figure 2c ). After transforming the recombinants, the library was qualified for primary titer, average insert size and percent recombination. The titer of the cDNA library was 1.5 x 106 cfu/mL. Recombination efficiency was determined by the presence of the inserts in the vector. The CloneMiner cDNA library construction kit (Invitrogen) yielded 100% recombination efficiency as indicated by the restriction analysis of 28 randomly selected primary clones (Figure 2d and Figure 2e ). The average insert size of the library was 1.4 kbp (Figure 2d and Figure 2e ). The primary, secondary and tertiary screening of cDNA library for expansin gene yielded fifty clones that were processed for DNA sequencing of the inserts. The analysis of the sequencing data indicated that four homologs of expansin gene family are expressed in the developing C. procera fibers. The BLAST search, phylogenetic analysis, and the presence of conserved motifs suggested that they belong to Expansin A gene family. According to the recommended nomenclature of expansin gene family (Kende et al. 2004 ), these genes were named as CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 (GenBank Accession no. EF434781, EF434782, EF434783 and EF434784, respectively). The alignment at amino acids level showed only 64.9% identity in the best aligned region between amino acids 40-240 (Figure 3) . The amino acid sequence identity among any of the two homologs ranged from 63.03% to 72.13% depicting a higher level of diversity at nucleotide level.
Phylogenetic analysis
The phylogenetic analysis of CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 showed the distribution of these homologs in different clades (Figure 4) . The EXPA gene family has been distributed in 12 clades (Sampedro and Cosgrove, 2005) . The expansin homologs were grouped in three of them i.e. clade I, III and IV. CpEXPA1 was grouped in clade IV, while CpEXPA2 and CpEXPA4 were observed in clade I. CpEXPA2 was closely associated with AtEXPA5, which is a representative of clade I under the same root, whereas, CpEXPA4 appeared under different root in the same clade. The clade III contained CpEXPA3 along with two fiber specific expansins of G. hirsutum i.e. GhEXPA1 and GhEXPA2.
Analysis of signal peptides in expansin homologs
The multiple alignment of expansin homologs and analysis for signal peptides at http://www.expasy.ch showed that CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 contained two domains (Figure 3 ). The N-terminal domain comprised of the first 165 amino acids and contained the signal peptides. The remaining amino acids in the expansin homologs comprised the C-terminal domain. The analysis for signal peptide (Predoter) and its cleavage (SignalP 3.0) indicated the targeting of expansins to endoplasmic reticulum (ER). The ER association of the expansin homologs indicated that all of them represent secretory proteins. The length of signal peptides was observed to be different for all the four homologs. Signal peptides of CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 were 22, 26, 24 and 17 amino acids long respectively. A transmembrane region was also detected at N-terminus of all the expansin polypeptides (Table 3) . 
Sequence conservation
Though the deduced amino acid sequences of four C. procera expansins had only 47.2% to 59% identity with each other (Table 1) , they had many conserved motifs along the entire length. The amino acid sequence alignment showed eight conserved residues of cysteine (C) at N-terminal and seven conserved residues of tryptophan (W). The cysteine residues were associated with the N-terminal domain, while tryptophan amino acid was distributed in both the N-terminal and C-terminal domain (Figure 3 ). The position of the last tryptophan in CpEXPA2 is not in line with the other CpEXPs due to an extension at the C-terminal, which is not found in other CpEXPAs sequences. A deletion of 8 amino acids was observed in CpEXPA2 between conserved domain TATNFCPP (amino acid sequence represented by single letter codon i.e. Threonine-Alanine-Threonine-Asparagine-PhenylalanineCysteine-Proline-Proline) and GGWC (Glycine-Glycine-Tryptophan-Cysteine) before the conserved motif "HFD" (Histidine-Phenylalanine-Aspartic acid), which is a part of the conserved GH45 active site. The CpEXPA1 indicated the addition of Glutamic acid (E) at position 67 and Proline-Serine (PS) at position 108. In CpEXPA3, the addition of two amino acids SS (Serine-Serine) is located at position 96. The signal peptides of all the four CpEXPs have low homology, especially in the first 40 amino acids, indicating the diversity with respect to their function (Figure 3 ).
Transcript profiling of expansin homologs
Relative expression studies for CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 revealed that none of these expansins are fiber specific, however, CpEXPA1 produced maximum transcripts in stem and fibers as compared to other tissues ( Figure 5 ). The highest transcription of CpEXPA2 was observed in leaves along with the equivalent transcription level of CpEXPA4 while the transcripts of CpEXPA3 accumulated at the highest level in stem. The transcript level of CpEXPA1 and CpEXPA3 was observed to be almost the same in stem tissues.
DISCUSSION
Modification of cotton fiber traits for improving length, strength and finesse has been a focus of many research groups. The efforts to accomplish these goals have been carried out utilizing both the classical breeding and genetic engineering tools (Guo et al. 2003; Ruan et al. 2003; Li et al. 2004; Arioli, 2005; Ruan et al. 2005; Wilkins et al. 2005; Momtaz and Soliman, 2008) . The over expression of G. hirsutum expansin gene has been reported for a fourfold increase in fiber yield that was cumulatively due to the increase in fiber length, number and fiber weight per seed. This study also reported the improvement of fiber quality traits by over-expressed expansin (Wilkins et al. 2005 ).
The C. procera fiber characteristics showed that this plant produces very fine, strong and long fibers as compared to other major sources of natural fibers (http://ccri.org.pk/publication/htm; Aziz, 2010) . The shiny long single celled seed fibers of C. procera were explored for the expansin gene family. The isolation of four expansin homologs (CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4) in elongating fibers suggested a strong role of this gene family in C. procera fiber development. The deduced amino acid sequence alignment with the well characterized expansins and predicted structural analysis showed that the derived amino acid sequences of the EXPA homologs consisted of two domains, i) Nterminal domain and ii) C-terminal domain (Figure 4 ). In these genes a higher degree of conservation was observed in N-terminal domain like other members of expansin gene family (Yennawar et al. 2006) . The N-terminal domain has a distant homology to glycoside hydrolase family 45 (GH45) Table 4 . Amino acid sequence identity (%) between C. procera expansin homologs in the coding region.
proteins, most of which are fungal β-1,4-D-endoglucanases (Davies et al. 1995; Xu et al.2001) . The CpEXPAs have a number of conserved cysteins (Figure 4 ) just like the GH45, suggesting a conserved proteindomain (Fedorov et al. 1997) . The His-Phe-Asp (HFD) motif found in the protein catalytic site was well conserved in CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 as observed in other members of EXPAs. Despite the presence of these conserved GH45motifs, no hydrolytic activity was detected for expansin polypeptides. Yennawar et al. (2006) described that expansins lacked a second aspartate that serves as the catalytic base in GH45 enzyme for its hydrolytic activity and the same can be observed in CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4. The basic difference between EXPA and EXPB is the presence of a large insertion and a nearby deletion in N-terminal domain at either side of HFD motif, which was also observed in CpEXPA2, CpEXPA3 and CpEXPA4 (Figure 4 ).
Each predicted protein of the four expansin homologs included an N-terminal signal sequence, which varied in length from 17 amino acids in CpEXPA4 to 26 residues in CpEXPA2. The signal peptide prediction results supplemented with protein targeting prediction (Table 4) indicated that all of the Expansin A homologs produced secretory proteins. It means, that the nascent expansin proteins are processedby the secretory pathway that comprises of endoplasmic reticulum (ER), Golgi apparatus and cytoskeleton as reported earlier (Vitale and Denecke, 1999; Kessler and Neuhaus, 2003; Boutte et al. 2007 ). The presence of the signal anchor sites and the hydrophobic region comprising the transmembrane segment at the N-terminus (Table 4) suggested the insertion of this region as a loop in the central cavity of translocon (protein lined channel within the ER membrane). The absence of the ER retention signals (KDEL or HDEL as proposed by Denecke et al. 1992) in CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 and the secretory nature of these proteins suggested that these were targeted to the cell wall as assumed for members of Expansin A families in other plants (Cosgrove, 2000) . The secretion of the C. procera fiber expansin is consistent with previous findings that expansin proteins are associated with plant cell walls and play key role in enlargement of the growing cell.
Phylogenetically, the isolated CpEXPAs were grouped along with various clades of EXPAs (Figure 4) . CpEXPA1 is grouped with clade IV, which was previously described as α-Expansin subgroup A (Link and Cosgrove, 1998; Harmer et al. 2002; Gray-Mitsumun et al. 2004 ). This group is reported to have preferential expression in mature stems exhibiting secondary growth (Gray-Mitsumun et al. 2004) . Although, the members of this group are involved in xylogenesis, they have also been reported to be involved in fruit ripening, (Reinhardt et al. 1998; Brummell et al. 1999a; Brummell et al. 1999b; , cell wall disassembly during germination (Chen and Bradford, 2000) and the development of shoot and leaves (Im et al. 2000) . However, some members of this group were also detected in multiple tissues analyzed from G. hirsutum and Glycine max (Harmer et al. 2002; Lee et al. 2003) .
The phylogenetic relation (Figure 3) indicates that CpEXPA2 and GhEXPA4 fall within EXPA1 clade I formerly known as clade C (Link and Cosgrove, 1998; Harmer et al. 2002) . CpEXPA2 is grouped with GhEXPA3 and AtEXPA5, while CpEXPA4 is clustered along with AtEXPA1, AtEXPA10, AtEXPA15, GhEXPA6 and CsEXPA3 under the same node. This data indicates that CpEXPA2 is closer to the G. hirsutum EXPA3 while, CpEXPA4 is more related to the G. hirsutum EXPA6. The transcript profiling of CpEXPA2 and CpEXPA4 indicated the expression of these homologs in leave, stem and fibers, however, both the homologs were highly expressed in leave tissues, while CpEXPA4 also had a comparable expression in stem tissues ( Figure 5) . A similar heterologous expression pattern for other members of this clade has been reported (Shcherban et al. 1995; Brummell et al. 1999b; Harmer et al. 2002) .
Thephylogenetic tree indicated that CpEXPA3 was placed with GhEXPA1 and GhEXPA2 in clade III (Figure 4) , previously classified as clade B (Link and Cosgrove, 1998; Harmer et al. 2002; Cheema et al. 2006) . The expression of GhEXPA1 and GhEXPA2 was observed in elongating cotton fibers, while the other tissues of G. hirsutum did not show their transcripts (Harmer et al. 2002) . The CpEXPA3 also has significant expression in C. procera fibers but the maximum transcripts were detected in stem. This clade has been reported to contain many expansin genes which are detected in rapidly growing tissues (Shcherban et al. 1995; Catala et al. 2000; Shin et al. 2005) . The CpEXPA3 may be an example of such genes in C. procera.
To determine the relative expression of CpEXPAs in different C. procera tissues, the validated primers on the four homologs were selected for real time PCR studies. The expression profiling revealed that CpEXPA1 had the highest expression in stem tissues of C. procera but lesser transcription in fibers and leaves ( Figure 5 ). This observation confirmed the involvement of clade IV expansins in vascular tissue development. An important observation related to the clade IV members is that none of them showed their expression in roots, though their transcripts have been reported in multiple tissues of the plants (Reinhardt et al. 1998; Brummell et al. 1999a; Im et al. 2000; Lee et al. 2003) . The CpEXPA1 also showed the same expression pattern with negligible transcripts in roots ( Figure 5 ). The specific functionality of this group may be related to the presence of unique conserved motifs at the N-terminal Fig. 4 Phylogenetic analysis of C. procera Expansin A along with some other plant Expansin A genes. Deduced amino acid sequences of full-length EXPA genes were used to construct the tree. EXPANSIN A gene source followed by Swiss ProTrEMBL accession numbers are as follows. and C-terminal region of the mature protein, RIPGV and KNFRV respectively. These sequences may endow some distinctive role in protein targeting to a specific component of cell wall or for interaction with other proteins and/or carbohydrates.
The transcriptome profiling of CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 depicted that these homologs are transcribed in different tissues (leaves, stem, root and fiber) and have variable expression. Interestingly, none of these identified expansins was fiber specific. This situation is different from G. hirsutum where two of the six α-Expansins were identified to be fiber specific (Harmer et al. 2002; Cheema et al. 2006 ). Additionally, the identity level among these homologs is quite low (Table 4 ). The dilemma of the presence of these highly variable expansin isoforms in C. procera fibers and their exact role in the development of long shiny single celled fiber needs to be explored. The EXPAs have not been reported to be post transcriptionally regulated (Rose et al. 1997; Rose et al. 2000) , therefore the transcript profiling of CpEXPAs could alternatively represent the expression of these genes. The expression of EXPAs has been observed in a number of species with their proved role in root elongation and development (Cho and Kende, 1998; Baluska et al. 2000; Cho and Cosgrove, 2002; Lee et al. 2003; Kam et al. 2005; Greenwood et al. 2006) . The transcriptome profiling data of CpEXPA1, CpEXPA2, CpEXPA3 and CpEXPA4 indicated negligible expression of these genes in roots ( Figure 5 ). This observation was in accordance with the previous report on characterizing and expression profiling of this gene family in rice (Shin et al. 2005) . Our observation supports that C. procera might have some root specific expansins not detected in the fiber cDNA library.
Calotropis procera has been reported to be a habitant of deteriorated soil and grows well under extremes of draught conditions. The expansins coded by the plant may have evolved with respect to the harsh environmental stimuli and modifying the cellular configuration to meet the specific plant requirements. The expression of discrete expansin genes in stem and leaves may be related to the hardy nature of plant that produces softer stems and grows very well under difficult environmental conditions. The isolated expansin homologs represent useful natural resources to study their role in modifying plant traits including the fiber characteristics.
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